In a previous publication Bondi and Dietz (1947) reported that various factors could influence the susceptibility of penicillinase-producing bacteria to penicillin. The authors concluded that individual cells of certain organisms that produce this enzyme may be just as susceptible to penicillin as those of organisms that do not produce penicillinase. In a continuation of this study, the effect of sodium azide on the susceptibility of penicillinase-producing organisms has been studied to determine further the mechanisms that influence their susceptibility to this antibiotic. Woodruff and Foster (1945) studied the effect of various agents on penicillinase activity and found ferrous chloride, iodoacetic acid, and sodium azide to have an inhibitory effect. Two groups of workers, Benedict, Schmidt, and Coghill (1945) and Henry and Housewright (1947) , were unable to show an effect by sodium azide on this enzyme. Treffers (1946), in studying the potentiation of penicillin by various agents, concluded that sodium azide, iodoacetic acid, and many other compounds could enhance the action of penicillin without involving the inhibition of penicillinase.
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The sodium azide used in this study was prepared from a 1 per cent stock solution in sterile distilled water. This solution was allowed to remain at room temperature overnight and added aseptically to 1 per cent tryptone broth to give the desired concentration. Stock solutions of crystalline potassium penicillin G in sterile saline, 2,000 Oxford units per ml, were kept frozen until used. Fresh penicillin solutions, in the concentrations desired, were prepared from the stock solutions regularly.
The cultures of staphylococci studied were taken either from a stock culture collection or isolated from routine hospital specimens. Staphylococcus X-3 "resistant" was obtained by isolation of a resistant variant from the parent culture by passage through broth containing increasing concentrations of penicillin. The latter organism did not gain the ability to produce penicillinase.
Preliminary experiments were run to determine the highest concentration of sodium azide that would not appreciably affect the growth of the organism tested. This was accomplished by adding different concentrations of the chemical to 1 per cent tryptone broth and inoculating sets of such broths with cultures of staphylococci. From the results, summarized in table 1, 0.02 per cent sodium azide was chosen as the highest concentration that could safely be used without killing the organisms, although some inhibition of growth by this concentration was observed.
In the first series of experiments, the penicillin susceptibilities of 6 strains of staphylococci (3 penicillinase and 3 non-penicillinase-producers) in the presence and absence of sodium azide were determined, as summarized in table 2. This was done by adding different concentrations of penicillin to tubes of 1 per cent tryptone broth with and without sodium azide in final concentrations of 0.02 per cent, 0.01 per cent, and 0.005 per cent. All tubes were inoculated with a drop of a 24-hour broth culture of the organism being studied or a 1:100 dilution of that culture. An effect was observed with those staphylococci capable of producing penicillinase that was not seen with those that did not. The former were rendered approximately 15 times more susceptible to penicillin in the presence of 0.02 per cent sodium azide when large inocula were used. The results with staphylococci, incapable of producing this enzyme, are strikingly different. The latter organisms, if affected at all, became at most four times as susceptible as the controls. The resistant variant of Staphylococcus X-3 behaved as the rest of the non-penicillinase-producers, despite its resistance to penicillin. The potentiation of penicillin on penicillinase-producing organisms is reduced when the inoculum is small and the concentration of sodium azide is decreased.
From the foregoing experiment, it is concluded that sodium azide had an effect on penicillinase-producing staphylococci over and above that which may be exerted against non-penicillinase-producers. This seemed to indicate some interference with the enzyme by this chemical. strains of staphylococci. It was noted that the penicillin in flasks containing no sodium azide, or small concentrations of the chemical, was destroyed more rapidly than the penicillin in flasks containing higher concentrations of sodium azide. Growth occurred after penicillin destruction, and the rate of growth varied with the speed with which penicillin was destroyed. It was also observed that penicillin destruction occurred in the absence of detectable growth. The concentration of penicillin used, 0.75 units per ml, was chosen because it afforded an experiment that could be concluded in one day. The results of a similar experiment, using higher concentrations of the antibiotic, were essentially the same except that the period of time for penicillin destruction and hence for growth to begin is prolonged. Since turbidimetric readings give evidence only of bacteriostatic action, bacterial counts were made to study the bactericidal activity of penicillin-azide combinations. To flasks of 1 per cent tryptone broth in volumes of 50 ml containing either penicillin, sodium azide, or both, were added 0.5 ml of an undiluted 24-hour broth culture. Bacterial counts were made at the end of 0, 1, 2, 4, and 6 hours on extract agar. These counts, shown in figure 1, demonstrate that sodium azide alone did not appreciably affect growth. Penicillin alone surprisingly caused a drop in count in the first hour of the experiment, but later the number of viable organisms followed a pattem resembling that of the control. A combination of the two agents was followed by an appreciable drop in the total count that persisted for 24 hours. From the results of these experiments, it is apparent that the destruction of penicillin is delayed by the presence of sodium azide. To determine whether this delay is due to direct interference with penicillin activity or a slowing up of the production of the enzyme the following experiments were run: Sterile penicillinase was prepared by the method of Harper (1943) 
DISCUSSION
There may be some synergistic or additive effect of combinations of sodium azide and penicillin on all staphylococci studied. Over and above this effect, sodium azide renders penicillinase-producing organisms more susceptible to penicillin. That the action of sodium azide is related to penicillinase is indicated by its greater action on penicillinase producers than on the non-penicillinase-producers that are more susceptible to penicillin and equally sensitive to sodium azide. It is significant to note that Staphylococcus X-3, which in vitro was made resistant to penicillin but which did not gain the ability to produce penicillinase, was not rendered sensitive in the presence of sodium azide.
Two possible mechanisms for the action of sodium azide seemed apparent at the beginning of this study. Either the action of penicillinase was inhibited or the production of the enzyme by a growing culture was suppressed. The results obtained indicate that penicillin destruction by sterile preparations of the enzyme proceeds at the same rate regardless of the presence of sodium azide in the concentration used. This indicates that the potentiating action of this agent is probably due to a suppression of the production of penicillinase by growing cultures rather than to an inhibition of the enzyme. Although sodium azide is much too toxic to be safely used in vivo, it is possible that a compound exerting comparable activity but lower toxicity could be used effectively in conjunction with penicillin to treat infections due to penicillinase-producing staphylococci.
SUMMARY
Sodium azide renders penicillinase-producing staphylococci more susceptible to penicillin. The action of this agent is not due to an interference in the activity of penicillinase as indicated by its failure to act in this fashion on sterile preparations of the enzymne. Penicilhinase production by a growing culture of Staphylococcus is suppressed by sodium aside.
